In this paper, we present an efficient soft de-mapping method for M-ary APSK modulation based on hard decision thresholds (HDT), which significantly reduces the computational complexity compared with the maximum likelihood detection (MLD). Furthermore, bit error rate (BER) performance of several soft de-mapping methods combined with LDPC codes are provided. Simulation results reveal that the proposed method largely reduces the computational complexity with nearly the same performance to MLD.
INTRODUCTION
The standard of Digital Video Broadcasting via Satellite-Second Generation (DVB-S2) was proposed by the European Telecommunications Standards Institute (ETSI), which contains a number of advanced technologies to increase the quality of service (QoS) for satellite communications, for instance, adaptive coding and modulation combing with APSK signals. Regarding channel encoding, DVB-S2 standard adopts the concatenated coding mechanism that exploits BCH code as the outer code and the LDPC code as inner code to improve the error correcting performance. Compared with the previous DVB-S standard, DVB-S2 is capable of improving the capacity by 30%. Since accurate soft decision bit information (SDBI) is one of the inputs for the decoder, it plays an important role to achieve good decoding performance.
As is well known that maximum likelihood detection (MLD) is able to obtain the most accurate SDBI in theory, however, the computational complexity boosts with the increase of the modulation order. To handle with this problem, many efforts have been devoted to focus on reducing the computational complexity. In [3] - [5] , the log likelihood ratio(LLR) is calculated by reducing the constellation point, while in [6] and [7] the hard decision threshold value (HDT) was proposed to calculate SDBI for QPSK and 16QAM, respectively.
Motivated by these observations, we extend the method of HDT to the M-APSK signal, and thus an efficient novel de-mapping algorithm based on HDT is proposed, which significantly decreases the computational complexity of the decoder. Simulation results demonstrate the effectiveness of our proposed algorithm.
MLD algorithm for LLR calculation
To begin with, we present the posteriori LLR of each receiving bit for MLD algorithm.
Assuming that the transmitter emits 0 and 1 with equal probability, i.e., ( ) HDT based soft de-mapping algorithm a) The origin of HDT algorithm Let us take BPSK modulation for instance, the receiving symbol +1 and -1 represent bit 1 and bit 0, respectively. Thus the LLR of MLD is given by ( ) . We compute SDBI by the above idea, i.e., Fig. 2 to 4 depict the constellation diagram and the HDT of each bit, respectively. Fig. 1 The HDT of 16APSK for each bit. Fig. 2 The HDT of 32APSK for bit 1. Fig. 3 The HDT of 32APSK for bit 2 3 4 Fig. 4 The HDT of 32APSK for bit 5
SIMULATIONS AND DISCUSSION
In this section, the performance of LLR , MaxLLR and HDT algorithms is investigated by Monte Carlo simulations. Notably, each block of data consists of 1920 bits and LDPC code is applied with code rate 1/2 which is the standard code in IEEE 802.16e. We use the BP algorithm for decoding and the number of iteration is set as 50.. From the simulation results, we find that the performance of the proposed algorithm is very close to the performance of LLR and MaxLLR. We set the BER of 5 
10
− , the HDT algorithm needs more about 0.3dB than LLR algorithm and 0.2dB than MaxLLR algorithm. Fig. 5 The BER curves for 16-APSK Fig. 6 The SER curves for 32-APSK The computation complexity of the considered algorithms is compared in the following table. From the table below, we find that the proposed algorithm has greatly reduced the amount of computation complexity. 
CONCLUSIONS
This paper presents an efficient soft de-mapping method for M-ary APSK based on hard decision thresholds (HDT), which significantly reduces the computational complexity compared with maximum likelihood detection (MLD). Furthermore, the loss of bit error rate (BER) performance is limited to a very small range. Simulation results demonstrate the effectiveness of our proposed method.
